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CLOSED LOOP CESL HIGH PERFORMANCE
CMOS DEVICE

TECHNICAL FIELD

The present invention relates to methods and structures for
manufacturing high performance CMOS devices having
stressed channels and more particularly to a fabrication pro-
cess that combines an intrinsically stressed layer such as
CESL (Contact-Etching Stop Layer), conformally coating
the device and using an “L-like” shaped film that intrinsically
provides compressive or tensile stresses to the substrate of a

CMOS device.

BACKGROUND

As 1s well known by those skilled in the art, forming
selected stresses 1in the channel regions of CMOS devices will
enhance performance of the device. For example, parallel
tensile stress 1n the channel region improves performance of
an N-FE'T, whereas parallel compressive stress in the channel
region enhances the performance of a P-FET.

Various techniques for creating the desired stress in the
N-FET and P-FET portion of the CMOS device have been
suggested. For example, Ghanni, et al., 1n a paper entitled “A
90 nm High Volume Manufacturing Logic Technology Fea-
turing Novel 45 nm Gate Length Strained Silicon CMOS
Transistors™ (2003 IEDM, 11.6.1-11.6.3), discusses a post
salicide “highly tensile” silicon nitride capping layer wherein
the stress 1s transierred to the NMOS channel through the
source/drain regions. A layer thickness of approximately 75
nm results in a 10% NMOS 1,,. - gain.

U.S. Patent Publication 2004/0113217 A1 to Chidambar-
raco, et al. discloses a method of causing tension and/or
compression on a substrate by the selection of an “L-like-
”shaped layer of material formed adjacent sidewalls of a gate
structure that 1s disposed above the channel regions. The
“L-like” shaped layer of material 1s formed so that the two
legs of the material are adjacent both the gate sidewalls and
the substrate of the device such that stresses are formed on
adjacent substrate areas. In addition, the material of the
“L-like” shaped layer 1s selected so that the stresses are con-
trolled or varied as necessary within both the N-FET and
P-FET devices to improve the IC performance.

Papers by Y. Kim, et al. (2003 VLSI, pp. 639) and T.
Iwamato, et al. (2003 IEDM, pp. 167) also disclose the use of
“L-like” shaped SiN film and HfS10 or oxynitride gate dielec-
trics.

All of the above techniques provide some improvements to
the performance of a CMOS device by inducing stress 1n the
channel regions of the device. However, further increases 1n
the performance of the device by further increasing the stress
that can be induced 1n the channel regions would be advan-
tageous.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present invention, which pro-
vides increased stress to the channel regions of semiconduc-
tor devices.

To 1ncrease the stress induced 1n the channel regions of the
semiconductor device, the present invention discloses struc-
tures and methods that result 1n two or more stress inducing,
techniques being combined into a single device or method to
achieve higher induced stresses than were heretofore pos-
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sible. According to the invention, a semiconductor device,
such as for example only, a CMOS device comprises a sub-
strate having at least one gate structure on the substrate. For
CMOS devices, there will, of course, be at least one gate
structure 1 both the N-region and the P-region of the sub-
strate. Also included 1s at least one “L-like” shaped layer
having a first leg of the L extending to a first end and a second
leg of the L extending to a second end. According to one
embodiment, the “L-like” shaped layer may be 1n direct con-
tact with the substrate and the gate structure, or according to
another embodiment, may include an oxide layer between the
“L-like” shaped layer and the substrate and between the
“L-like” shaped layer and the gate structure. There 1s also
included at least one spacer formed over the “L-like” shaped
layer such that the spacer 1s 1n contact with both the first and
second legs of the “L-like” shaped layer. A layer of intrinsi-
cally stressed material covers the gate structure, the at least
one “L-like” shaped layer and the spacers, as well as selected
arcas of the substrate. The intrinsically stressed layer 1s 1n
contact with and may have bonds with the first and second
ends of the “L-like” shaped layer. Although different mater-
als may be used for the mitrinsically stressed layer and the
“L-like” shaped layer, to assure good bonding, these layers
may preferably be made of the same material. As mentioned
above, for a CMOS semiconductor device, there are included
both NMOS regions and PMOS regions and the described
structure 1s present 1n both regions. Typically, the intrinsically
stressed layer, covering the structure and the “L-like” shaped
layer may be a contact-etching stop layer (CESL). The intrin-
sically stressed cover layer of the present invention 1s capable
of transferring stress to the “L-like” shaped layer in addition
to transierring stress through the source and drain regions to
the channel region. The intrinsically stressed layer such as
CESL that 1s used for both the “L-like” shaped layer and the
cover layer may be selected to either provide intrinsically
compressive stresses or intrinsically tensile stresses. The
intrinsically tensile stressed layers are typically used with
respect to the NMOS regions to provide tensile stress in the
channel regions of the NMOS device. On the other hand, the
CESL or intrinsically stressed material 1s chosen to have an
intrinsically compressive stress when the material 1s to be
used with respect to the PMOS devices.

The present invention 1s also equally suitable for use with
such semiconductor devices manufactured with high-k
dielectrics. Another embodiment of the mvention 1s one of
either an NMOS or a PMOS device having the “L-like”
shaped layer and the other one of the devices having an offset
spacer that replaces the “L-like” shaped layer.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the
detailed description of the mvention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter, which form the sub-
ject of the claims of the invention. It should be appreciated by
those skilled 1n the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for
modifying or designing other structures or processes for car-
rying out the same purposes of the present invention. It should
also be realized by those skilled 1n the art that such equivalent
constructions do not depart from the spirit and scope of the
invention as set forth 1n the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
tion, and the advantages thereol, reference 1s now made to the
following descriptions taken 1n conjunction with the accom-
panying drawing, in which:

FIG. 1A 1illustrates an embodiment of the mvention that
produces a tensile stress 1n the NMOS channel region;

FIG. 1B 1s similar to FIG. 1A, except a recess 1s formed in
the source/drain region of the substrate;

FIG. 1C illustrates another embodiment of the invention
similar to FIG. 1A and further includes a thin oxide layer;

FIG. 1D 1llustrates yet another embodiment of the inven-
tion similar to FIG. 1B, except a recess 1s formed in the
source/drain region of the substrate;

FIG. 2A 1illustrates another embodiment of the invention
that produces compressive stresses m a PMOS channel
region;

FI1G. 2B 1s similar to FIG. 2A, except a recess 1s formed 1n
the source/drain region of the substrate;

FIG. 2C 1s similar to FIG. 2A, and further includes a thin
oxide layer;

FI1G. 2D 1s stmilar to FI1G. 2B, except that arecess 1s formed
in the source/drain region of the substrate;

FI1G. 3 A illustrates yet another embodiment that includes a
device similar to that of FIG. 1A that produces a tensile stress
in the NMOS channel region and further includes a device
with an offset spacer;

FIG. 3B illustrates another embodiment that includes a
device similar to that of FIG. 1C that produces a compressive
stress 1n the PMOS channel and further includes that a device
with an offset spacer;

FIGS. 4A and 4B are prior art examples using an “L-like”
shaped spacer to form stresses and channel regions of N-FET
and P-FET devices: and

FI1G. 4C shows the compressive stress line under the leg of
the “L-like” shaped layer bonded to the substrate and the
resulting tensile stress lines 1n the channel region under the
gate and 1n the source drain region.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the mvention.

As was discussed above, “L-like” shaped regions have
been used to provide stresses in the channel regions of CMOS
devices. More specifically, as shown in the prior art FIGS. 4A
and 4B, there are illustrated substrates 10, having a gate
structure 12 and “L-like” shaped spacers 14a and 145. The
letter ““C”” 1indicates induced compressive stresses 1n the sub-
strates 10, and the letter ““I”” indicates induced tensile stresses
in the substrates. As will be appreciated by those skilled in the
art, 1t 1s desirable to provide tensile stress 1n the channel
regions under the gate for an NMOS device, while applying a
compressive stress in the channel region for a PMOS device.
As shown m FIG. 4A, arrows 16 extend away from the
“L-like” shaped spacer 14a and 145 and indicate a material
having an “intrinsic” tensile stress, and as indicated 1n the
drawing, “L-like” shaped spacers made of a material with
intrinsic tensile stress will result 1n compressive stresses
below the spacer, which 1n turn results 1n tensile stress in the

10

15

20

25

30

35

40

45

50

55

60

65

4

channel region 18 of the device. On the other hand as shown
in FIG. 4B, arrows 20 pointing toward the “L-like” shaped
spacer material indicate the “L-like” shaped spacers are made
of a material having intrinsic compressive stresses. Such
intrinsic compressive stresses 1n a material result in tensile
stresses 1n the substrate directly below the spacers. This 1n
turn results 1n compressive stress 1n the channel region 18a of
a PMOS device. Thus, it will be appreciated that the “L-like”
shaped spacers having a tensile intrinsic stress will produce a
channel having tensile stress and a spacer having intrinsic
compressive stress will produce channels having compres-
stve stress. FI1G. 4C illustrates the example of FIG. 4A for an
NMOS device where the spacers 14a and 145 have an intrin-
s1c tensile stress. As shown 1n FIG. 4C the “L-like” shaped
spacer 14a shrinks (1.e. mtrinsic tensile stress) and provides
compressive stresses 1n the substrate 10 where the spacer 14a
1s attached or bonded to the substrate as 1s indicated by the
stress lines 22 under the “L-like” shaped spacer. This com-
pressive stress under the “L-like” shaped spacers in turn
causes tensile stress to form on each side of the compressive
stress including the channel region 18a under the gate struc-
ture 12. Of course, since as shown 1n the figure there 1s an
“L-like” shaped spacer on each side of the gate structure, both
the “L-like” shaped spacers 14a and 145 contribute to the
tensile stress under the gate structures.

Referring now to FIG. 1A, there 1s 1illustrated a first
embodiment of the invention for enhancing carrier mobility
and device performance 1n an NMOS region of a CMOS
device. As shown, there 1s an NMOS region 24 of a silicon
substrate. A gate structure 26 includes a conductive gate
clectrode 28 typically formed from doped polysilicon and a
gate dielectric 30 formed over a channel region 32 1n the
NMOS region 24. The gate dielectric 30 may comprise vari-
ous known materials such as a silicon oxide, a silicon nitride,
or a silicon oxynitride. Alternately, the gate dielectric 30 may
comprise a high-k film having a dielectric constant of about 9
or greater such as for example a hainium based high-k mate-
rial (Hf.S1,0,N, ) material, a zirconium based high-k film
(Zr_S1,0_N ;) material, or an aluminum based high-k film
(Al,O, material. Either a source region or a drain region 34 1s
formed on one side of the channel region 32, and the corre-
sponding drain region or source region 36 1s formed on the
other side of the channel region 32. Also included with the
gate structure 26 1s at least one “L-like” shaped layer 3
having one leg 40 formed to be 1n contact with and lying along
the gate dielectric 30 and the gate electrode 28. The other leg
42 of the “L-like” shaped layer 1s formed parallel to and 1n
contact with the top surface of the NMOS portion of the
substrate 34. The “L-like” shaped layer 38 1s typically silicon
nitride (S1N) film or the like having a thickness of less than
about 25 nm. The “L-like” shaped film has intrinsic tensile
stresses when the “L-like” shaped layer contracts or shrinks.
Alternately, the “L-like” shaped layer may comprise a high-k
f1lm having a dielectric constant of about 5 or greater. Suitable
materials include hainium based high-k material, aluminum
based high-k material, zirconium based high-k material, or
transition metal based high-k material. A spacer 44 1s formed
over the “L-like” shaped layer by well known techniques so
that i1t 1s 1n contact with both legs of the “L-like” shaped
layers. The spacer 44 may comprise an oxide such as silicon
oxide or silicon oxynitride (S1O.N_ ). Other suitable spacer
materials include a layer of oxide followed by a layer of
nitride (ON), a first layer of nitride followed by a layer of
oxide (NO), or alayer of oxide, a layer of mitride, and another
layer of oxide (ONO). A CESL (contact-etching stop layer
46) 1s then formed over the gate structure 26 and selected
portions of the NMOS region 24 of the substrate.
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The CESL film 46 covering the gate structure 26 and sub-
strate 1s a layer or film having a high mechanical tensile stress
such as silicon nitride (S1N) and preferably may be the same
or a material substantially similar to the matenal used for the
“L-like” shaped layer 38. Further, since the embodiment of
FIG. 1A relates to an NMOS device, both the “L-like” shaped
layer 38, and the CESL 46 covering the structure are selected
to have intrinsic tensile stresses. However, as will be dis-
cussed below and with respect to other embodiments, the
material for the “L-like” shaped layer 38 and the covering
film of CESL 46 may be selected to have a wide range of
intrinsic stress from tensile through no stress to compressive
stresses.

Referring again to FIG. 1A and as was discussed above, the
“L-like” shaped layer 38 and the CESL film are preferably
made of the same or stmilar materials. Consequently, ends 48
and 50 of legs 40 and 42 of the “L-like” shaped layer 38 bonds
or connects with the CESL 46 covering the gate structure 26
such that at least a portion of the stresses 1n the CESL 46 1s
transierred to the “L-like” shaped layer 38. Thus, the com-
bined stress from the CESL 46 and “L-like” layer 38 results in
increase stress in the channel 32 and source/drain regions 34
and 36 which means better current (I_,) and current (I )
performance of the transistor.

This combined performance increase achieved by the
present invention 1s greater than the sum of the performance
increases achieved by the CESL 46 covering alone plus the
performance increase achieved by the “L-like” shaped layer
38 alone. As discussed 1n the paper by T. Ghani, et al. the
“ON” current I, compared to the “OFF” current I ~achieves
an enhanced value of between about 10-153% by using the
stressed CESL covering 46 alone. Use of the “L-like” shaped
stressed layer 38 alone on the side walls of a gate structure 38
achieves an enhanced I, to I -0t about 5%. Thus, a summed
or nominal enhancement value of between 15% and 20% (5%
tor “L” shaped layer plus 10%-15% for the CESL) 1s predict-
able. However, transferring additional stresses from the
CESL through the “L-like” shaped layer and into the channel
region by contacting or bonding the ends 48 and 50 of the legs
40 and 42 of the “L-like” shaped layer 38 to the CESL cov-
ering 46 results 1 an additional enhancement of about 3% or
a significant total gain in the enhancement of over 28% (the
5% from the “L-like” shaped layer 38 discussed above plus an
increase ol about 23.6% from the CESL 46).

FIG. 1B 1s similar to FIG. 1A, except that arecess 60 of less
than about 500 A is formed in the source/drain substrate. FIG.
1C 1s also similar to FIG. 1A, except there 1s further included
a thin “L-like” shaped film of oxide 62 between the “L-like”
shaped layer 38 and the substrate 24 and between the “L-like”
shaped layer 38 and the side walls of the gate structure 26. The
oxide layer 62 provides a buller layer against nitrogen difiu-
sion and therefore prevents nitrogen concentration from
alfecting the device, source/drain, or pocket implant profile
and 1s preferably a thermal oxide, a chemical oxide ora CVD
oxide film having a thickness less than about 60 A.

FIG. 1D includes recesses for the source/drain area and 1s
similar to FIG. 1B, except that 1t also includes the shaped film
oxide 62 of FIG. 1C.

As will be appreciated by those skilled in the art, the
NMOS device discussed above experiences enhanced perfor-
mance by increasing tensile stresses 1n the channel regions of
the device. However, compressive stresses in the channel
regions of a PMOS device are desired for similar performance
enhancement.

Theretfore, referring to FI1G. 2 A, there 1s 1llustrated a PMOS
device incorporating the features of the present invention. As
shown, a PMOS region 66 of the substrate comprises a gate
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structure 68 formed over a first S/D area 70qa, a channel region
72, and a second S/D region 70b. Also as indicated, the gate
structure includes a gate oxide 74 and a gate electrode 76. The
gate structure 68, the spacers 78 and the “L-like” shaped
layers 80a and 805 are all covered with a CESL 82 over the
gate structure 68 and the substrate 66. It will be appreciated
that the structure of FIG. 2A 1s similar to that of FIG. 1A.
However, unlike FIG. 1A, the “L-like” shaped layer material
and the CESL material are selected to create compressive
stresses 1n the channel region 72 of the device as indicated by
double arrows 84. Compressive stress 1s also created 1n the
S/D areas 70a and 705 as indicated by arrows 86.

Likewise, FIGS. 2B-2D represent PMOS devices that are
similar to those NMOS devices discussed with respect to
FIGS. 1B-1D except the “L-like” shaped layers and the CESL
covering are chosen to create compressive stresses.

It will be appreciated that a CMOS device incorporating

the teachings of the present invention will preferably com-
prise one or more of the NMOS devices of FIGS. 1A-1D and

one or more of the PMOS devices of FIGS. 2A-2D. However,
other CMOS device structures may be fabricated that use the
enhanced NMOS device of the mvention discussed with
respect to FIGS. 1A-1D, but use an unenhanced PMOS
device of the prior art. Similarly, a CMOS structure may use
the enhanced P-MOS device of the invention but an unen-
hanced NMOS device of the prior art. Other CMOS structures
using the present invention are also possible.

As an example only, FIG. 3A 1llustrates an NMOS device
88 of FIG. 1A according to the teachings of the present
invention, whereas the PMOS device structure 60 uses an
“offset spacer” 92 instead of the “L-like” shaped spacer layer.
A CESL covering 94 over the structure 90 provides compres-
stve stresses to channel region through the PMOS source and
drain region.

In a similar yet opposite manner, FIG. 3B illustrates a
PMOS device 96 that incorporates the teachings of the
present invention and includes an NMOS device 98 with an
offset spacer 100 that replaces the “L-like” shaped layer. A
tensile CESL 102 i1s used to cover the device and provide
some tensile stress to the channel region.

Although the present invention and its advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition ol matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What 1s claimed 1s:

1. A semiconductor device comprising:

a substrate with a recess formed 1n a source/drain region of

said substrate;

at least one gate structure on said substrate, the gate struc-

ture comprising a gate electrode;

at least one “L-like” shaped layer having a first leg imme-

diately adjacent to the gate electrode and extending to a
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first end along the gate electrode, and a second leg
extending to a second end along said substrate, said at
least one “L-like” shaped layer being formed of a single,
metal-containing first material;

at least one spacer 1n contact with said first and second legs

of said at least one “L-like” shaped layer; and

an intrinsically stressed layer covering said at least one gate

structure, said at least one “L-like” shaped layer, said at
least one spacer, and selected areas of said substrate, said
intrinsically stressed layer 1n contact with said first and
second ends of said “L-like” shaped layer, the intrinsi-
cally stressed layer being formed of the single, metal-
containing {irst material.

2. The device of claim 1 wherein said intrinsically stressed
layer 1s a contact-etching stop layer (CESL) that transfers
stress to said at least one “L-like” shaped layer.

3. The device of claam 1 wherein at least one of said
intrinsically stressed layer and said at least one “L-like”
shaped layer comprises a high-k dielectric.

4. The device of claim 1 wherein said intrinsically stressed
layer selectively creates one of compressive or tensile stresses
in said substrate below said at least one gate structure.

5. The device of claim 1 wherein at least one of said at least
one “L-like” shaped layer and said intrinsically stressed layer
has a dielectric constant “K” greater than 3.

6. The device of claim 1 wherein the thickness of said at
least one “L-like” shaped layer 1s less than about 25 nm.

7. The device of claim 1 wherein said at least one “L-like”
shaped layer selectively creates one of compressive or tensile
stresses 1n said substrate below said at least one gate structure.

8. The device of claim 1 wherein said at least one spacer 1s
formed from materials selected from the group consisting of
s1licon oxide, silicon nitride and silicon oxynitride.

9. The device of claim 8 wherein said at least one spacer
comprises at least two layers ol materials, and said at least two

layers of materials are selected from a combination consisting
of oxide/mitride (ON), nitride/oxide (NO), and oxide/nitride/
oxide (ONQO).
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10. The device of claim 1 further comprising a gate dielec-
tric between said substrate and said gate electrode.

11. The device of claim 10 wherein said gate dielectric 1s
selected from the group consisting of silicon nitride, or silicon
oxynitride.

12. The device of claim 11 wherein the “k” value of said
high k gate dielectric 1s greater than about 9.

13. The device of claim 12 wherein said high k gate dielec-
tric 1s selected from the group consisting of an Hi-based
high-k maternial, a Zr-based high-k material, or an Al-based
high-k material.

14. The device of claim 1 wherein said substrate 1s silicon.

15. The device of claim 1 wherein said recess 1s less than
about 500 A.

16. A semiconductor device comprising a substrate having
a first recess and a second recess located within the substrate:

a {irst device on the substrate adjacent the first recess, the
first device comprising a gate electrode, at least one
“L-like” shaped layer 1n contact with the gate electrode,
and a first spacer 1n contact with said at least one
“L-like” shaped layer;

a second device on the substrate adjacent the second recess
having at least one offset spacer and a second spacer in
contact with said offset spacer; and

an 1ntrinsically stressed layer covering said first device,
said second device, said first spacer, said second spacer
and 1n contact with said at least one “L-like” shaped
layer, said at least one “L-like” shaped layer and the
intrinsically stressed layer being formed of only a metal-
based high-k first material.

17. The device of claim 16 wherein said first device 1s an
NMOS device and said second device 1s a PMOS device, and
said intrinsically stressed layer 1s a tensile stressed film.

18. The device of claim 16 wherein said first device 1s a
PMOS device and said second device 1s an NMOS device, and

said intrinsically stressed layer 1s a compressive stress f1lm.
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